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Tne use and evolutionary development of RPV's is 


increasing rapidly, and is likely Ga increase much fuer 
yet. Thee "ele tro. RPV's as targets has been well 
established; they are the cheapest and best way of 
producing the realism which is so necessary to train modern 
missile defenses of all kinds (Ref 1]. The extension of the 
role for RPV’s_ to the more active area of ECM or 
over~the-horizon targeting is well within the grasp of 
modern technology and is being developed rapidly. In any 
military operation involving actual combat, the importance 
of timely, accurate intelligence regarding an enemy’s 
position or posture cannot be overestimated. In addieisne 
the value of this intelligence is greatly enhanced if the 
enemy does not know or suspect it has been collected. RPV’s 
can be of inestimable value in this regard if they have the 
capability and reliability to provide real time intelligence 
and reconnaissance services to the field commander. 

There exists today a large array of experimental 
projects, development projects and operational vehicles, 
including an old and tried concept in remotely piloted 


vehicles, the QH-5@ DASH system. The disbanding of ofa 
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f@ircraft conceived in the past is a commonplace military 


PUememePpareleculariyewienm lt 15 very difficult to exercis 


(D 


A 
mapabllity in any meaningful way. Alreraft in general, and 
the QH-50 in particular, are not isclated examples of 
cost-saving by removing ola equipment from the inventory; 
the same happens to other important areas, Such as 
electronic countermeasures and deception aids. 

As for the future, some new claims are being made for 
RFPV'’s, but recent operational MiskOry Stews,  emae in 
Significant tactical operations they are still in their 
infancy. However, the alliance Be modern existing 
technology with a really jam proof data link would open up 
wider operational uses for RPV’s. In the case of the QH-52, 
if a perfected control system could be implemented, the 
Preactorm could be further modernized by the installation of 
Oeesien-specific gear, such as: 

* increasing the fuel capacity 


kK fitting GPS navigation for precise positional 
information of the RPV 


* active/passive EW equipment 
k decoy and ELINT gear 

* chaff dispensers 

*k acoustic-sensor dispenser 

K reconnalssance packs 

* target laser designators 


* warloads 
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In all cases, modular payloads would increase 
£ Perc oae mines: If equipped with high quality sensors capable 
of performing accurate surveillance and reconnaissance 
missions under a variety of environments and battlefield 
conditions, an RPV can perform vital services in areas where 
manned aircraft are either unavailable or would not survive. 
The QH-S9 exists as an available, potentially adaptable 
vehicle without the expense and safety problems of building 
anew full-scale aircraft. dowever, the QH-50 system would 
require improvements and updates to be returned to 
operational service; this may not be able to be done 
inexpensively. The gas-turbine engine and mechanical 
machinery to drive the QH-50 coaxial rotor system are 
considered ee. be efficient and reliable, so any 
refurbishment considered would for all intents and purposes 
nave to include control system updates, before any specific 


missions could be considered. 


B. @QH-50 DASH SistiM Sie aes 

Lixe other RPV’s, if the QH-50 recovery system could be 
perfected, the number of highly skilled personnel required 
and the concomitant cost of training and keeping service 
craftsmen would be reduced. Recovering an RPV at the end of 
its mission calls for enormous know-how and ability on the 
part of those operating it. If only one in every two 


recoveries was successful, the cost of the system is clearly 


woo much ; even SUCCESS rates sof 90% may not be 
cost-effective. Compounding the Rees oun Ba recovery of 
an BPY at sea are the facts that the radio-guidance command 
on which RPV’s rely is vulnerable to ECM (traditionally a 
Speciaity of Soviet forces), the ship's own electromagnetic 
Poearurment, and tne problems attendant to recovering in 
bieh winds and heavy seas. 

Peeseesstol1licy exists for the U.S. Navy to give the 
obsoiescent QH-50 aircraft a new lease on life, if they 
could be upgraded using cost-saving methods, even though 
Piem@emrs moetitm basic Gperating philosophy for this form of 
Reve 

Dringing the QH-50 back to operational service would 
require refurbishment of systems beyond the QH-50 itself. 
These systems include a cortrol station to direct the RFV 
Chroughout its mission. Capabilities of the control station 
would include necessary Sear to operate the vehicle, 
controls and displays of the sensors carried by the vehicle, 
eme@edisplays of the RPY position, utiliging data obtained 
Seeder frome ene aircraft itself or from a tracking and 
Semminicatilons unit. Such a tracking and communications 
Mote sould Concain aA jam-resistant data link, such as a 
spread-spectrum RF subsystem developed for approach control 
navigation, telemetry information transmission and command 
Pera reer ee tne ~Hybrid= Terminal Approach and Landing 


oystem. 


C. SCOPE OF MEE SiS 

This thesis surveys the GH=-50 LAS BP Y s,2cen, sooo 
technical advancements ciate have mada feasible the 
refurbisvtent © J meetie 2c oor SPpeet@rical ls intormacacanr, 
regarding the system is collated, and known flight tehavior 
examined. A simplified math model based on the equations of 
motion is tonfigured to Z21imu.abe ene a1 oO, in orders 
Provide aqua eaca ve insight into the response of the 
aircraft. Froblems inherent with recovering rotary-wing 


aircraft on ships at sea are examined, and the prospects of 
allying state-of-the-art RPV control systems to the QH:-50 to 


allow recovery in sea states up to 5 are considered. 


i¢ 


Tf. BDESCRiPTION OF THE QH-5¢ 


ween OPERATIONAL AISTORY 

The eH-50 was suilt by the Gyrodyne Company of America 
memeecorm the airborne component Sik tne DASH (Drone 
Anti-Submarine fe Le apie.) weapon system. The @QH-52 
followed the successful development of a similar inanned 
Seeetai rotor Relicopter built by Gyrodyne, the YRON-1 
Roteurcycle [Ref 2]. The QH-50 DASH RPV was originally 
planned as part On the OSs. Navy’s FRAM (Fleet 
Rehabilitation and Modernization ) program, to add 3-12 
years of useful ilife to about 140 World War II destroyers. 
The @QH-590 first became operational on 7 January 1963. Over 
596 QH-50 drones had been delivered to the JU.S. Navy by 
December i966. The QH-50 is turbine powered; this gives it 
the advantage over gasoline-powered drones, because Navy 
Ships carry JP fuel, but not avgas. The DASH was to be used 


to deliver torpedo warloads. 


B. BASIC OPERATING CHARACTERISTICS 

The QH-54 math model used in this thesis 1s the one 
developed in a study conducted by Lear Siegler, Inc. (Ref. 
1, when the QH-50 was being considered as a platform for 


Oover-the-horizon reconnalssance on non-aviation ships. 
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The Gyrodyne QH-50 drone helicopter has @& coaxial ocean 
system with counter rotating blades eliminating the need for 
a tail rotor. [0 has conventional Del ices ogee! ero sme 
longitudinal and lateral cyelic piteh to Gontrol tore ac. 
and lateral motion respectively. Heave motion 15 Gentrawvea 
by collective pitemecontrol, Yaw moments are generated by 
the alleron-like deflection of rotor blade tip brakes. No 
aerodynamic surfaces are provided. stability augmentation 
is provided through an all axis stability augmentation 
system. 

Stability and control data were generated by similarity 
with existing helicopters and corroborated by comparison to 
the limited data available. Specifically, force derivatives 
in forward flight were scaled from available S-58 helicopter 
data, as found in Reference 3. Selected parameters are 
Ziven in Table Il. 

TABLE I 
SELECTED DIMENSIONS AND GENERAL DATA 


PARAMETER QH-5¢ SES 
BLADE RADIUS, FEET 10 Zo 
BLADES PER ROTOR Zz * 
CHORD, INCHES TSC ROG) 16.4 

se en he 
SOLIDITY RATIO 0.0862 O.0622 
ROTOR or 2e 0) shee 619 244 
WEIGHT EMPTY, POUNDS 1 cen 
eae flu eio 2b o 
lxx; Solar Te 150.2 
WEIGHT, NORMAL 2303 
lee, sEUG he 478.0 
LCK 9 OU ae ah 330.0 
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Important differences between the AH-5@ and conventional 
Single-rotor helicopters are as fcsollows. Tae Fei sching 
moment due to change in speed is large and destabilizing due 


to the high location of the ratere from the aircraft center 


of gravity. Absence of tail surfaces causes the angle of 
ettack stability to be nearly zero, Valsmeoneremetcint to a 
statically unstable aircraft. Yaw rate damping is low due 
to the abscence of a tail rotor. DiReeiena Lestat ic 


stability is almost cero because there is no vertical tail 
mee provide a stabilizing moment; swithout a tail rotor there 
Pmoomeonsideration given to tail roter torque, Ixx. 

As cited in Reference 4, the automatic flight control 
system of the QH-50 is considered to be controllable by the 
Hybrid Terminal Assist Landing (HYTAL) system, a technology 
demonstrator of an auto-landing system, although it is noted 
that a significant improvement would be to include an 
altitude control loop built around an acceleration sensor, 
wnoich would be integrated to provide an altitude rate and 
altitude displacement signal. Better handling and control 
of the QH-50 hopefully would then accrue during the recovery 
and landing phases of a Pl ilgeaee The currently used 
barometric referenced system is susceptible to the 
deleterious effects of the air flow about the coaxial rotor 
system, because the barometric probe extends through the 


rotor shaft, and senses disturbances caused by the whirling 


lay 


blades. The transients in pressure differentials stemming 


from rotor speed fluctuations may cause handling problems. 
The currently flying AH-5@'s, operated by the China 
Lake Naval Weapons Center’s target operations group, are 
reported to be susceptible to turn reversal. Whenttemen a 
ls bein@g operated in the launch/recovery helicopter mode, 


the aircraft will translate in the direction the swashplate 


is tilted. The pitch and roll cyclic in this mode are 
zeroed, SO a coordinated turn is locked out, and the 
aircraft will skid when commanded to turn. The contmon 


feedback system for turn coordination is one area that has 
room wae improvement. During launch/recovery, the 
helicopter is operating in what is called maneuver mode. In 
this mode, pitch, roll, and altitude are commanded directly 
by the controller. However, when operated in the cruise 
mode, heading and altitude are commanded by the controller. 
When switching from one mode to the other, undesirable 
transients may occur unless the system being handed-off to 
is initialized to the same commanded heading as the system 
being handed-off from. Additionally, this commanded heading 
may itself not be the same as the direction in which the 
QH-5@ is desired to be flown. In a Similar manner, the 
existence of large winds during the handoff procedure may 
necessitate the initialization of control parameters other 
than heading, such as velocity or attitude, prior to handoff 


to preclude unwanted transients. 
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ill. MODEL BASED UPON EQUATIONS OF MCTION 


Bee er ee) BOC ATION OF MOTION 


Pele we meade) Was Geveloped> for the AH-5@0 derived from 


o 


Me weasit SAllaclons Gl motion, Aas delineated in Roskam [Re?. 


a This program was usad to aid ir the understanding 3f 
Mie ano £l2eeght sdynamics; it 1s an approximate and 
somewhat crude matnematical model intended to provide 
qualitative insight Lace the behavior of the QH-5@. 


Mererence SG indicates that an airframe transfer furetion 
program, AFTF, was used to compute the denominator, 
Mumeraceor, and coupling numerator factors based on the 


mererart svcuabllity derivatives, which were scaled from 5-52 


i 


Megicoprver data, and on the OLmi tC rindi catia | | ater 
peeacious Of motion. 
Wy Saal vipa oe Ts! 1 al = 1 ~. = 2 = acy et 1 78" 
Men seen araGceeris@mierwer such alrifamesy transfer function 


meee tans that they are modular in constructicn. ats barat 


ii 


eee Ghee aircraft is divided into ~elements, with the 
physical cnaracteristics of each element specified in the 


input data. The influence of each element on the aircraft 


t 
U} 
ct 
{1 


tnen summed to calculate dynamic characteristics sof 
mesemoled flight vehicle 
When an element (e.g., Bobet PEGeiicess a feme= 7 lift, 


Matec nrustyye tne AlYr in the vicinity of the aircraft is 
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sst in motion. The induced Ve loeiwe1 os (downwas! aie 
sidewash) affect other elements by changing their local 
alrspeéd and angle of attack. iiterference velocities are 


te - B77) YP é < TL: 1s, = “ey ) Os. pees Sy ae wee 
thus important and must be Galiculated accurate 


iT 
— 
‘<< 
€ 
rte 
Lew 
Cs 
eo 
cr 
uh 


tail rotsr or vereteal car. snd eee 
SGRSt rae lame aerodynamic Coeff i ver ents elem ciel are 
funlelons G2 pees eer cn iy, 


The equations of motion used derive from Newton's 


} 


applied to six degree: of freedom, as in the case of 


fixed-wing aircraft. The equations contain inertia, gravity 


and aerodynamic forces. The equations are simplified by 
pretending a plane of symmetry. That is, it was assumed 


that fore-and-aft and vertical translations, as well as 
angular pitching motions are not ‘coupled" with sideways 
translations, nor with rol liwmgvand yer 


A change in thrust affects side force, and roiling 


velocity affects thrust; these and other cross-effects are 
usually weak and are safely ignored (Ref. 5]. Furthermore, 
the assumption of small pereuroc 7 sens relieves us of 


nonlinearities as well as coupling, which are exhibited for 
Large deflections such as rapid rolls, tight turns and large 
amplitude maneuvers. These predictions require wind-tunnel 
cr emperical data. 

Once the model was developed, it was coded into a 
Dynamic Simulation Language (DSL program that approximates 


the QH-50 system. 
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B. DEVELOPMENT OF THe MODEL 


Puss anata model, the X-Y plane is selected to 


Hy, 


Seiteias wlth the plane af symmetry of the aircraft, so that 
mie Products Gf inertia ixyv and Ivsz =qual zero. Sc ee ae 
Pea 5U doses not nave a eel ewes. there are na 
Metstecratiagns of rotor torque. Phe -exage value of Laz 


PGem=heeot LhertiaA about the vertical yaw axis) was ot 


£ 220 was assumed. 
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time sdefinicions the vector components uséd in this 


Meemmed=)! are shown in Figure 3.1. The orientation of the 
Meeerart is depicted ior Figure 2.2. The body-fixed 
coordinates are obtained in the following manner, as 
indicated in Figure Su.35 translate the earth-fixed 


PeOreraatre system parallel to itself until its origin 
coincides with the center of mass of the aircraft. Then 


1. 


three consecutive rotations are performed. First. Bene 
translated coordinate system is rotated about the Z-axis 


ver an angle ¥v, the heading (or yaw) angle. The resulting 


Us 


4 


o0rdinate system is rotated about the Yxz-axis over an angle 


0) 
rS 


OG, tne attltude (or pitch) anéle. The resulting coordinate 
system is then rotated about the X:;-axis over an angie @, 
the bank (or roll) angle. The angles wy, 46, and ® are 
frequently referred to as the Euhler angles. These Euhler 
angles are used to perform coordinate transformations as 


soown in Roskam and indicated below in Figure 3.4. 





AERODYNAMIC AND THRUST FORCES ACCELERATION OF GRAVITY 





LINEAR AND ROTATIONAL 
AERODYNAMIC AND THRUST MOMENTS (ANGULAR) VELOCITIES 


Figure 3.1 


Definition of Vector Components 
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Coordinate Axes 
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Orientation of Aircraft 
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Pete erieu Fo yield Rotational and linear velscitieges, as 
Meee as Pltch, roll and yaw angles. The complete simulation 
Bees is listed in Appendix A. 

Tre link between the longitudinal and Lateral equations 


meee On aiid the airframe transfer functions is the program 
pee AS hUCprevicusly©=6 noted. Ties peelLi rcs Of Moow this 
program works or how a1t 22 ainvoked ars not conzidered 


here;the transfer functions obtained are Listed in Reference 


Howsver, the equations of motion thus developed comprise 


(ey) 


4 set of Linear differential equations, which yield a very 
Simplified model that 1s generic in nature. The program is 


marcialized tG Simulate a Q@H-50 aircraft in a hover 


Scoendition. One of three possible sets of inputs may be 
mroeet, GO run &2 Simulation: Ly Alliperere= ane Shomencs set co 


sers, 2) Any of the three cardinal forces set to any 
arbitrary values while tolding all moments to zgeérs, or 3} 
Any of the three moments set tc any arbitrary values while 
eoleine all forcees equal to Zero. The equations are 
Beeeep tea. i4e Chesen combination of inputs are input via a 


Poieiiesep stacemenco, it Waiem rotor rpm and acceLreration may 


~? 
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aiso be specified. The force and moment inputs act upon the 


vehicle's center of gravity. 
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Any variéty of arckitrary forces and mements may Ge 


Looked ab. Sidgures 3.5 through 3.7 show the behaviGgr Gomme. 
move. in response to 100 pound farses applied in each wea 
cody-fixed axes; Figures 3.8 through 3.19 show the benavaen 


ofr the model in pitch, roll and yaw in response to momengs 
applied about eacn of the body-fixed axes. 


Nn Piste G45. see velocity response along the 


a 
body-fFixed X-axis to a 1090 pound force applied for 5 seconds 
is shown. The graph indicates that acceleration occurs for 
the 5 seconds during which the foerce is applica ae. | 


reaches a steady-state value. 


Figure 3.6 indicates the response to a 199 sound ous 


1G 


ioe 
U) 


appiied alung the body-fixed Y-axis for §& seconds. 
expected, given the simplifying assumptions used to derive 
the equations of motion, the response is identical to that 
Seen in Figure 3.5. 

Pigure 3.7 shows the groundspeed response to the 
mentioned above; the groundspeed shown pertains to the 
earth-fixed (inertial) coordinated system. 


by eee | 


Figure 3.8 shows the pitch response to aids 
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Lug -f 
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cf 


positive moment about the pitch axis applied fer 5 seconds. 


The pitch angle increases slightly while the moment is being 
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Figure 3.5 
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Response to 108-Pound Force in X-Axis 
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Figure 3.6 
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Response to 188-Pound Force in Y-Axis 
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Figure a ee Groundspeed in Earth-fixed (Inertial) Axes 
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Fitch Response to 10 ft-lb Moment 
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Roll Response to 10 ft-lb Moment 
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Yaw Response to 10 ft-lb Moment 
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applied. When the applied moment is removed, the aircraft 
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Wee wee ese Cases, it is only the initial response of 
tie model we are interested in; Pema Very Ssimplicicd, and 


dces not apply to large perturbations, which must te studied 


a ee ae ee — ays ey pate a Saas ae = 9 
Mea wvitid-euhiel or ram ¢li@ha studies o Sue. Boba 
Ss 5 WV vee = . — % ~ = 7. = Po, a poss ey — y = Sane - 7% 
moc saft. Pow any rates deveiopment sf the this QH-50 moudei 
Meee i bm] equations GF motion provides insight into how 


ere Soe oh tiitepiems Were Gepived ir Refsrence 3g, 
whitch Menmcioned tne importance wf these equations omiy in 
Passing while omitting their develspment entireiy. ees 
Seo pulnts to the fact that much of the recent work that 
auas been done on the QH-50 has been accompiished daspite the 
scarcity of aerodynamic data provided by the manufacturer of 
toe QH-2G, Gyrodyne. As cited in Reference oo, data were 
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me ee See 


ee eee Gaiberion of 4 successful recovery 
Seo OL eed couchacwn om the intended point af landing. The 
Pees tas a Shia landing Sear fitted to its sbeel-tube 
cnas3sls; iandings on ship become difficult because the 
Meading 2one is not stationary. 

the total energy of a compound rotor system in descent 
1s composed of its potential energy due to its altitude, 
kinetic energy due to the velocity of the mass, and the 
rotational energy in the rotors. This energy can be used to 
substantially retard the horizontal and vertical velocities 
meme ctoucChdewa, fhe kinetic energy of translation is used 


for ‘cyclic’ flare, whereas the rotational energy of the 
memwer is Used for ‘collective’ flare. 

Cyclic flare 1s performed by commanding an aft tilt of 
meieerocbOor. This maneuver not only tilts the rotor force 
vector aft, but increases the force by tending to speed up 
tne rotor. The speed-up may be permitted, is so deéesiréd, or 
the blade pitch can be increased to maintain rotor speed 
@onsctant. Either action will increase the rotor speed 


retardation. The tilted and increased force resolves into 


components retarding the horizontal and vertical velocities. 


So 


Collective flare also may be used alone or in 


Conjunction Witeaemeye lie flare to retard the vertieas 
descent. By commanding a rapid and collective increase of 
blade pitch to near-stall valuss, a tran=slene @eoerescaune 
rotor Litt is pe sedmecd: This action causes rotor rpmmee 
Groep Off. yids fiare performance is dependent on rotor 
kinetic energy, 1.¢€., on rotor Fpm at the béeginnine sores 


maneuver and the inertia of the rotors. 

If the collective flare is performed after glide and 
cyclic flare, the vertical rate of descent will have been 
retarded partially, leaving less work to be performed by the 
rotors in collective flare. Collective flare from vereuece 
descent is desirable in the case of the QH-50, which will be 
landing aboard a ship at sea in a small landing Zone. 

AS an aside, during power-off descents, when the 
rotor-craft’s drag essentially equals the vehicle weight, 
the system will be at is equilibrium rate of descent. The 
drag coefficient varies with flight speed, rotor solidity, 
and blade coning, and is maximum at low speed. However, it 
is not the present concern to investigate the case of 
autorotative descent and landing; a basic premise is that 
the QH-50 will have full power available during all phases 
of the recovery. 

It is overly optimistic to expect that “an operare. 
manually controlling a QH-50 could smoothly land it ona 


ship at sea in any but the calmest of sea states (1.8., sea 
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state 2 or less). Even under these benign conditions the 


tendency of the rotors is to Bea 3 Puemowe: Sissy sa1r, aS 
Peewee eer At its Own rotor wake. Adding to 
this are the unseen currents as the ambient wind gets 
Mite ees, nceae Slip Ss Seruebture or other obstructions. 
Memuiiligta tieow patterns may require nonstandard caliective 
oe yo TeMPus lens Thal WOuld SuUYrpriSe an uhsuspecting 
Soutrolier. 

Meee amosle, if, because of recirculation, the downflow 
is stronger on the left side, the aircraft may tend to move 
backward because of the ninety-degree lag in flapping. Not 
Mery WOuld the cyclic pitch be effected but the increased 
dGwnficw would look like a climb condition--which requires 
more power to the rotors. This represents a decrease in 
Ssround effect. Around a= ship, tnese airflow changes will 
generally come on suddenly during a takeoff or ianding. 
Peeberonaliy, if the alrcraft was low enough it would 5e 
subjected to a pitching moment, because the freeboard of the 


Bae acts in effect as a step ground plane; see Figure 4.1. 


B. SdIP MOTION CONSIDERATIONS 


Tne ship motion parameters that affect recovery are 


eecelh., roll, heave, surge, sway, and yaw. Of these, 
availacole literature indicates Cian thewemoaerons that 


contribute critically to the landing problem are heave and 


mie L., pgs has been determined that Poe wert iehs 
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Figure 4.1 


Qualitative Sketch of the Flow Field at 


Position of Maximum Moment 


Characteristics of the QH-52 have made feasible the 


possibility of heave motion tracking, leaving the major 


difficulty of dealing with roll in high sea states to be 


solved. 


Reference 3 develops ae ship roll predictor “thaw 
indicates a let-down sequence and provides an output signal 
proportional to the time-to-go until the desired touchdown 


time. The time estimates are used to control the descent 
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feel cude EWO Seconds pricr to roe desired touchdown time. 
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Poe lea=. ewo seconds allows the eclosing rate betw 
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mer:licopter and ship to be reduced exponentially as the 
Mire rait flares for a landing. 
Reference 3 also considered the efforts eo beac 


previously been done to use a cable winch landing assist 
device. The study indicated teacte  ship rot l moticn 
experienced in rough seas occurs at a magnitude and 


frequency such that the @QH-50 could not keep up with the 


corresponding lateral movement. Peak QH-59 roll angles over 
nine degrees would be required in sea state 5. At very low 
altitudes, such peak roll magnitudes, Wem OlCem) balic 


rates, are deemed intolerable. 


C. AUTOMATIC LET~DOWN 
i Combect ive itch Systen 


t-down scheme 


(Db 


The implementation of the automatic 1 


Pelineated in Reference 3 would be subject to improvements 


et 


us 5] 
Sees 


Ih 
pb 


Bemaerizoncal position control. Beyond use o 
dévice, the only means apparently available that has the 


1écessary accuracy 18 an optical tracking/ranging device 


rr 


jéveloped as oneé component of the dAYbrid Terminal Assist. 


Landing (HYTAL) system; this device has the ability to give 


positional accuracies of plus or’ minus a few feet. The 
automatic let-down technique gives promise of providing for 
successful recovery of the QH-50 in high sea states. The 
GbE cat tracker/ranger of the HYTAL system, shown 
schematically in Figure 4.2, has the necessary precision to 


position a hovering QH-50 directly above the intended point 


of landing. 









CONTROL OATA SIGNAL 


Rey - APY 
OATA CONTROL 
RETROREF 








BEARING 22 OEG 


















[Ba 
APV AF ue, 


Oe 
SUBSYSTEM Te 7 
9g 





MASTER 

we tt, eas CENTRAL = [RPV CODAOINATES! Gicpt ay 

SERVO MICROPROCESSOR |  commanQ } CONTROL 
see: 
Al 
a 


TRACKING SIGNALS 


ALTITUOE 


ae tN 
SEA SURFACE 


Figure 4.2 


HYTAL Control Scheme 


This technique envisions commencing a final descent 
to touchdown from a standby position hovering approximately 
4Q to 5@ feet above the landing platform. It was concluded 
that it would be impractical to actually measure the waves 


in front of the ship because of the need for a wave motion 
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then simulated as a 


remote controller. 
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Figure 4.3 Collective Analytical Block Diagram 


are not currently installed on the QH-5@0. Values of the 
Parameters of the individual eee are given in Table II. 
Maes valuic OL the first limiter is + 40; the value of the 
second limiter is + 12000; the value of the third limiter 
ma taren to be O to +20. 

The time response of this collective pitch system 
was Simulated on the computer; wie COUC@EIS  "e1lVen 1h 
Appendix B. With the initial altitude arbitrarily set to 
zero, a commanded altitude of fifty feet was input. Figure 
4.4 shows that the blade angle increases to four degrees in 
approximately @.7 seconds; Figure 4.5 shows the phase-plane 
diagram for the collective pitch change. 

This appears to be a rather rapid response; 
however, it does not directly show how long it takes for the 
QH-59 to actually begin a climb from hover once commanded. 
mei erence 3 states that the collective axis dynamic is 
such that there is a lag of 4.7 seconds between collective 
displacement and altitude rate response; this reference 
also suggests a modification to the existing AFCS to 
increase the system gain and thereby appreciably improve 
this Ghomac eer istic: With this characteristic, the 


assumption remains that heave-tracking is possible. 


2. Automatic Let-down Scheme 
The roll predictor model used is a representation of 


the equation 
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TABLE [I 
COLLECTIVE ANALYTICAL BLOCK DIAGRAM PARAMETERS 


raramater Value 
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Figure 4.4 
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The ship motion predictor will 5e used Ga paw 
the time when ship roll attitude will be gero and to previa 
a continuous update of the time during descent. Veseen ecu 
initiated when the predicted zero-crossing time is at +3 
seconds. The RFV is assumed to have the ability to track 
shir neave motion. Vertical rate command computations based 
wt predictor information permit touchdown equally well at 
any point of the heave Seis: the descent rate ie 


automatically controlled via col lectivemeontrc Mere. 


Figure 4.6 shows the SGher on! system configured 
fur automatic control of the GA-50  Wurina werece—-.. CRref. 
oS 
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3. Let-dow aw 

The development of the let-down control law is found 
in Reference 7. In essence, the ship’s roll Mmetmen 
predictor is used to initiate a let-down sequence while 
providing an output signal proportional to the time-to-go 
until the desired touchdown time. This time estimate is 


used to control the descent rate via collective control 


inputs. There are three different modes in the let-down 
sequence. In the standby mode, the helicopter is hovering 
at a fixed height above the deck (490-50 feet). In the 


let-down mode, the descent rate 1s continuously adjusted to 
Cause the helicopter to arrive at flare altitude two seconds 
prior to the desired touchdown time. In the flare mode, the 
helicopter closing rate with the ship is reduced 
exponentially to arrive at the deck with a rate of descent 
of 2.4 feet per second and elapsed time approximately equal 
to two seconds. 

The control law for the standby mode consists merely 
of a differential altitude rate ( h) command proportional to 
the error between observed altitude (above the deck) and the 


reference altitude (e.g., 50 feet). 
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The let~-down mode is designed to cause the RPV to 
arrive at nominal flare altitude two seconds prior to the 
desired touchdown time. To do so, the altitude rate command 
is adjusted to equal the ratio of altitude change required 


to the time remaining, i.e., 


Pe ac = H es euro / -(tz =z 2) 
mere tei = flare altitude, and te = desired time of 
touchdown. This is the relationship which would have to be 


implemented and used as a sink rate command during the 
let-down mode. (Ref. 3] 
The exponential flare law defines flare altitude to be a 


MmimetLlon of altitude rate: 


hie. = f (Ah) 


The final two seconds (approximately) prior to touchduwn are 
used to smoothly reduce the RPV sink rate from the constant 
value of the let-down mode to a lesser value suitable for 
touchdown impact. Since there is a lag between h command 
and h response, a time history for altitude is needed from 
which the time occupied by the maneuver can be computed as a 


function of initial flare sink rate flare entry. frei. ol 
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V. SURVEY OF HYTAL ¢ CONTROL AL: ALGORITHMS 


—— 


Pee oA AGROUND OF HYTAL CONTROL ALGORITIIMS 


An 6 EE Nn ge ee ae | ares - LO eal tl eS) «veut = cs 
ee eS cess te | handing «64 aY CAL) ©6system has 

2 a a) aie be, tf =< | canes = i= bal is q = 3 1 i 1 - a) _— ~ 
Leen suggested as a system that weuil allow full automating 
rad Ty i oy ee ek OS ears ail \ amen 6 PSS & an nah es ae 
Beets -o FPeeeveries aboard Ships at sfa (fer 2 ove 


Mess pic fac. viet che two components of the HYTAL system 
mave Seen Successfully tested independentiy eo ore hee: 
Memeo ib, Wikbed TuUNncCCiOons as a4 tracker/ranger, appears to 
Mee olie Phecisicon necessary ta fully gontrol a @GII-50 2uring 
Pomp fecovery Up to sea state 5, during which waves of up to 


Meee Meet et. 99) ard winds up to 38 knots (Ref. 10] are 


Reference develops control algorithms and discrete 
Meeemvers for Chesed loop control Gf the RPV flight path 
USing the HYTAL system. Imp lementatiueme of digital contr 


Powcd bse used tolimprove tne flight control capability of 


rh 


iit discrete measurements o Sition are taken using 
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the tracker/ranger, the discrete Kaiman filter can be used; 


Jiscrete measurements arise when a system is sampled as part 


Meee t2 ital Gontrol scheme ([LkHhef. aaa hoRpmineGetn contro. 
mere ew 2 ons, Miemmedwesereee Calta  fl1.CEer LS USWaliy ised. 


ee 


This technology is straightforward and compatible with 
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present control methods. 


B paorONSeE GF COUPLED bYNGTIas. aoe 

Reference synthesizes Dleeo POia avid wer taeeam 
namcruilers haséd upot: state variabl= MNod=ls™ Wer lyeaaeeee, 
Synamics of the airframe at never, ohbouard analogs lo@e@peweae 
a0 Sua eons The airframe models are tased on stability 
derivatives wttained from Reference 3 A ‘411i -sSyseeee 


~uuphed, longitudinal Sth-order medel Gf the alreratt eee 
mnots is derived, and 1s shown in Figure 5.1. The time 
response of this system was investigated using the 
interactive Ordinary Differential Equations (ICDE)} program. 
Starting from a reference point of zero, a climb to SUG uteee 
and transit to 5890900 feet was commanded. The results are 
showh in Figures 93-2 Lireueigme= cr 

Figure 5.2 shows the time résponse of icmgitudina!l 


position end velocity. Although the response settles on the 


commanded Jistance, there is a very large overshoot. Also, 
the settling time 1s less than i5 seconds; clearly, if Ghee 
GQH-E2 could transit 5000 feet in iess than i5 seconds, tne 
airframe aerodynamics would be exceeded. LOorxkIing at the 
speed, JU, it can be seen Clie the veak value of 
approximately 1500 feet per second, ase alee i 


approximately 2 seconds, would also exceed the performance 


limits of the @H-5@2. 
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Figure 5.1 
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Figure 5.2 Distance/Velocity Response 
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Figure 5.3 HYTAL Collective Response 
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Figure 5.4 HYTAL Collective Response (Expanded Scale) 
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mesure 5.5 HYTAL Altitude/Vertical Velocity Response 
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Figure 5.6 


HYTAL Altitude/Vertical Velocity Response 
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Figure 5.7 NYTAL Pitch Response 
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Figure 5.8 HYTAL Pitch Response (Expanded Scale) 
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